UNCLASSIFIED 


AD 


407 936 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION.  ALEXANDRIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  dravings,  specifications,  or  other 
data  is  not  to  be  regarded  by  Implication  or  other- 
vise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  any  in  any  way  be  related 
thereto. 


FTD-TT-  63-256/1+2+4 


UNEDITED  ROUGH  DRAFT  TRANSLATION 


NEW  GLASS  FOR  HIGH-VOLTAGE  INSULATORS 
By:  L.  A-  Zhunina  and  N.  A.  Tinyakov 
English  Pages:  7 

SOURCE:  Russian  Periodical,  Izvestiya 
vysshikh  uchehnykh  zavedenly, 
Energetika,  No.  7 >  I960, 

pp.  51-55* 


T-57 

_ S0V/143-60-0-7 -11/12 _ _ 

THIS  TRANSLATION  IS  A  RENDITION  OP  THE  ORKL 
NAL  FOREIGN  TEXT  WITHOUT  ANY  ANALYTICAL  OR 

EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES  PREPARED  RYt 

ADVOCATED  OR  IMPLIED  ARE  THOSE  OP  THE  SOURCE 

AND  DO  NOT  NECESSARILY  REFLECT  THE  POSITION  TRANSLATION  DIVISION 

OR  OPINION  OP  THE  FOREIGN  TECHNOLOGY  Dt-  FOREIGN  TECHNOLOGY  DIVISION 

VISION.  WP-AFG,  OHIO. 


NEW  GLASS  FOR  HIGH-VOLTAGE  INSULATORS 

Docents  L.  A.  Zhunina  and  NJ  A.  Tinyakov, 
•  Candidates  of  the  Technical  Sciences 
Byelorussian  Polytechnical  Institute 


^•jL-gnif leant  growth  in  the  length  of  the  high-voltage  electri- 
cal  ne:tlCDrl«  has  been  marked  by  the  control  figures  for  the  develop¬ 
ment  oft  the  USSR  national  economy,  approved  by  the  .XXIth  Congress  of 
the  C<*n®aanlit  Party  of  the  Soviet  Union.  ’  This  demands  considerable 
material  resources  and,  in  particular,:  a  considerable  number  of  high- 
voltage  nine  insulators. 


,  ■“fccause  the  demand  for  insulators  is:  growing  in  all  economic 
areas  Otxt  the  country  and  therefore  it  is  difficult  to  count  on  the 
contirUj-slB.  meeting  of  this  demand  by  Importation,  the  question  was 
raised  .off  organizing  the  manufacture  of  insulators  in  Byelorussian 
SSR.  4fcter;  selecting  material.;  for  .making  insulators,  it  was  decided 
to  use  gHass  since  it  is  not  only  not  Inferior  to  electrical  porcelain 
in  its  cfcna*,acteristics  and  properties,  but  in  many  respects  is  even 
supericKi].^  In  particular,  glass  arid  glass  insulators  have  the  follow¬ 
ing  ad«^acntsges  [i,,  2,!  j]:  .  * 

ivi  GHass  has  greater  electrical  and  mechanical  strength  than 
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does  porcelain  which  makes  it  possible  to  reduce  the  over-all  size  of 
glass  insulators  as  compared  to  porcelain  ones  of  the  same  type. 

2.  The  smaller  over-all  size  of  glass  insulators  makes  it  pos¬ 
sible  to  reduce  the  expenditure  of  metal  for  fittings  and  to  reduce 
the  over-all  size  of  LEP  [power  transmission  line]  supports  or,  with 
the  same  supports,  to  correspondingly  increase  the  span. 

J>.  .  Widely,  distributed  and  inexpensive  materials  serve  as  the 
raw  material  for  the' manufacture  of  glass  insulators. 

4.  The  technology. of  the  manufacture  of  glass  insulators  makes 
it  possible  to  completely1  automate  the  manufacturing  process,  hence 
the  cost  of  glass  insulators  when'  mass  produced  would  be  significantly 
lower  than  the  cost  of  similar  porcelain  ones. 

•  The*  use*,  of  ^hardened  glass  supension  insulators  makes  it  pos¬ 

sible  to  eliminate  inspection  during  use  by  means  of . rods  or  other 

"•S:V  .  .  .  . 

•• r,-rVv*;;  $/».;•&*.  w.,A"  ...  **  t  *  * 

methods,  since  when!  the  .  smallest,, defect  occurs  these  insulators  are 

« •  .*.  ..  A  ■  .t-'".'' j ,  *'*>*•  •'  .  \  . 

.•N*.  "  ,£  .  •/’*  •»,/..  *" *  '•  ’•*  *  • 

.^  completely  destroyed  (without  .loss  of  the  mechanical  strength  of  the 
’garland),  which /can  be  easily 'discovered  when  inspecting  the  line* 

.V4.v  ••  '  • 

.fy.-'J*."'  ■  i  j  ,)/  ■  .  ,  •'•>*»  ViV’ '  ’"2?  ’•**-  \  ' 

6.  Testing  of  finished,  hardened  glass,  insulators  is  significantly 

y-.-, hr- u-  Nr.  «.  *v  ;//»»  ,r  ,•  •  .  ... 

N-.  -.v.,;^Vov  ,  •  "V  :  .j.  -.V,  . 

simpler  than  testing, of  porcelain  ones  and  can  be  completely  mechanized 

.  4;  \ v;  v  '' v  'C  \  . 

-7..y  The  capital-'' outlay^f or  constructing  a  shop  or  factory  for 
the  production’ of  glass  insuiators  is  also • less  than  for  one  of  the 
?  same  .capacity  fpV^ttfej.'preductlon  of.  porcelain  insulators. 

,4  : These" advantages  J  of,  glass  insulators  were  confirmed  by  trial  use 
in  a  number. oft countries  (England,  France,  Sweden,  etc.),  where  these 
insulators  have  found  wide  use  in  electrical  transmission  lines  up  to 
and  including  380  kv  [33. 

In  recent  years  a  number  of  studies  have  been  completed  in  the 
Soviet  Union  on  the  questions  of  developing  designs  for  glass  insula¬ 
tors  and  various  glass  compositions  for  high-voltage  insulators. 
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Considerable  work  has  been  completed  in  this  direction  by  the  Livov 
Polytechnical  Institute,  which  recommends  for  this  purpose  regular 
bottle-glass  with  a  15-1656  alkali  content.  As  is  known,  alkali  glass 
of  this  composition  has  low  mechanical  and  thermal  characteristics, 
however,  their  technological  characteristics  are  completely  adequate. 
In  order  to  Improve  their  mechanical  characteristics  alkali  glasB  in¬ 
sulators  are  hardened  which  increases  their  mechanical  strength  6  to 
7  times  [3 >  43. 

The  All-Union  Scientific  Research  Institute  of  Glass  recommends 
glass  13-b  for  the  manufacture  of  high-voltage  -Insulators  [l].  This 
low-alkali  glass  (Na20  content  of  256)  meets  all  of  the  requirements 
which  are  set  forth  for  the  manufacture  of  high-voltage  Insulators. 
However,  technologically  this  glass  Is  very  labor  consuming  since  it 
requires  high  melting  and  working  temperatures,  has  a  small  range  of 
working  viscosity  and  easily  crystallizes. 

Investigations  on  the  development  of  optimal  glass  compositions 
for  high-voltage  insulators  are  being  conducted  at  the  Byelorussian 
Polytechnical  Institute. 

On  the  basis  of  an  analysis  of  the  data  from  the  literature  and 
preliminary  studies  it  was  decided  to  search  for  efficient  glass  compo 
sitions  in  an  Si02-Al2C>3-Ca0-Mg0-Mn0  system  which  would  satisfy  the 
technological,  physicochemical,  mechanical,  and  electrical  require¬ 
ments.  Such  readily  available  materials  as  powdered  quartz,  kaolin, 
dolomite,  limestone,  and  manganese  ore  or  its  by-products  may  be  used 
as  the  raw  material  for  this  system  of  glass. 

Table  1  shows  the  compositions  of  the  experimental  batches  and 
glasses  were  selected  for  further  study  after  preliminary  experiments 
were  conducted. 
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TABLE  1 


Composition  of  Experimental.  Batches  and  Glasses 


Batch. >.  parts  by  weight 

Claaa,  wt. 

* 

®r 

ClaM 

*•  • 

Sand 

• 

’ 

bolln  • 

.4 

CtMlk 

ftrrplu- 

toloadta  f  att* 

'  .  *  J. 

SiO,  jAl.oJ  CaO 

■’>  ■ 

.'lgO 

Mr.G’ 

'  . 

19/1  Y 

31.47 

,12.55 

10.90 

..145.72 

11,12  • 

. .  y  t 

55.00  {  3,00  ;  20.00 

lc.oo  io.-oo 

I9;ir 

31.47 

12.65 

1.94 

•"45.72 

16.65.  ‘ 

55.00  \  5,00  •  15,00 

10.  CO 

15.00 

i9/iri 

43,20 

25.40 

14/18  • 

22iS5 

16.65' 

55.00  j  10.00’ .  15,00 

5,00 

15,00 

19,/iV 

32.04 

25,40 

68.5S 

.  5,55  - 

.55,00  .  iu.w  *  15.00 

15.00 

5.00 

•  19/V 

37,34 

O  !  ,^0 

1.94 

45.72  . 

5.55 

55.00  ;  15,00  J  15,00 

’10.00 

’  5.00 

19/VI 

37.34 

37.35 

14,26 

22.86 

11,12 

55, CO  j !  5,00  j  13,00’ 

5.00 

10.00 

19/V1I 

3!, 47 

50.60 

14/28  \  22,86 

5.55 

55,00  !  20,00  j  1 5,00 

5.00 

5,00 

19, VIII 

37.34 

37,35 

— 

6S.5S 

5,55 

55,00.  j  15,00  j  10,00 

15.00 

5,C0 

19/IX 

37,34 

37/15 

— 

45,72 

11,12 

55.00  j  1 5.00  1 11,00 

11,00 

10.00 

19/X 

37.34 

37,95 

9,52 

22.86 

16,65 

55.00  !  15.00  1 10,03 

5.00 

15.00 

I  mi 

37.34 

37,95 

23.22 

22.86 

5,55 

55,00, [  15.00  j 20,00 

z-t. 

5.00 

19/XII 

31.47 

12,65 

14,?S 

22.86 

22,24 

55,00  J  5,00  !  15,00 

i  .■ ! 

5.00 

20.00 

The  raw  materials  were  pulverized,  sifted,  and  formed  into 
hatches  according  to  a  developed  recipe.  The  prepared  hatches  were 
placed  in  pre -heated  chamotte  heating  crucibles  which  in  turn  were 
placed  in  a  15-pot  kerosene  prototype  furnace. 

After  trying  several  founding  regimes  the  following  conditions 
were  selected  as  the  best  for  ensuring  complete  melting,  satisfactory 
fining,  sufficient  homogenization  of  the  glass  melt  and  a  satisfactory 
working  viscosity: 

Start  of  charging  —  1,300°C; 

End  of  charging  —  1, 200°C; 

Temperature  rise  during  one  hour  to  1,580-1, 420°C; 

Soaking  at  this  temperature  for  0.5  to  1  hour; 

Lowering  of  temperature  to  1,500°C  over  a  period  of  an  hour; 

Working  at  1,500  to  1,520°C. 

Thus  the  total  melting  time  amounted  to  2.5-5  hours. 
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Observation  during  manufacture  showed  that  almost  all  glasses  of 
this  series  have  good  working  properties;  they  pour,  extrude,  roll, 
and  are  drawn  Into  a  filament  well.  The  range  of  working  viscosity 
Is  sufficiently  large  for  these  glasses,  which  facilitates  the  manu¬ 
facture  of  objects  of  complex  shapes. 

In  order  to  determine  the  physicochemical,  mechanical,  and  elec- 
trlcal  properties,  samples  with  diameters  of  150-200  mm  and  thick¬ 
nesses  of  2-3  ram  were  prepared  with  a  handpress;  to  determine  the  co¬ 
efficient  of  linear  expansion,  moldings  and  rods  were  Btretched. 

The  fabricated  glass  samples  were  annealed  in  an  electric  muffle 
furnace  according  to  a  definite  schedule  and  the  maximum  annealing 
temperature  was  700-650°C. 

In  order  to  obtain  detailed  characteristics  of  the  experimental 
glass,  a  complex  method  of  analysis  was  used  on  which  the  following 
were  Investigated: 

1)  technological  properties:  melting  and  working  capability 
(visually); 

2)  physicochemical  properties:  crystallization  capability  (poly- 
thermal  method),  temperature  at  start  of  softening  (on  the  apparatus 
of  I.  I.  Kitygorodskiy),  density,  by  means  of  hydrostatic  weighing), 
thermal  stability  (air-water  method),  coefficient  of  linear  expansion 
(on  a  tube  dynamometer),  chemical  stability  with  regard  to  water  and 

a  two-normal  solution  of  sodium  carbonate  (by  the  powder  method  recom¬ 
mended  by  the  VNIIS  [All-Union  Glass  Scientific  Research  Institute]); 

3)  mechanical  characteristics:  microhardness  and  microtrahspar- 
ency  were  tested  on  a  PMT-3  apparatus; 

4)  electrical  characteristics  were  determined  according  to  All- 
Union  State  Standard  6433-52.  Measurement  of  resistivity  was  made 
with  a  galvanometer  and  also  on  an  F-57  ohmmeter,  dielectric  loss-angle 
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tangent  and  specific  inductive  capacitance  were  measured  on  an  MDP 
high-voltage  bridge,  and  electrical  strength  on  60  kv,  5  lew  high- 
voltage  supply. 

'  A .comparison  of  the  test  results  from  numerous  synthesized  glasses 
made  it  possible  to  select  the  ones  with  the  best  technological^ 
physicochemical  and  electrical  properties  (Table  2). 

TABLE  2 


Characteristics  of  Glasses  Recommended  for  the 
Manufacture  of  High-voltage  Insulators 


Member  of  glass 

Ctormctarlrtle* 

■ 

19/11 

19/111 

19/1 V 

19/IX 

Coes>oaltion,  Jfe 

SiO.. . .  .  • . 

55,0 

55,0 

55.0 

55.0 

MPa . . . 

5.0 

10,0 

15,0 

15.0 

OiO . .  - . 

15,0 

15.0 

15,0 

10,0 

MgO  • . 

10,0 

5.0 

5.0 

10.0 

MnO . ^ . 

15,0 

15.0 

10,0 

10.0. 

Specific  gravity,  g/p*3  . 

2,91 

2.73 

2.71 

2,72 

Coefficient  of  linear  expenslm, 

1/degree  ■  1C T? . . 

52,8 

51.1 

45,5  • 

52,0  ! 

Chemical  stability  (£  losa  ef  Might) 
a)  water  resistance  . 

0,155 

0.157 

0,15 

0,16 

.  b)  soda  resistance  . 

0,236 

0,2-18 

0,135 

0.2 

Microhardness,  kgA^ . 

743 

806  • 

747.  . 

820 

Microrapture  strength,  kg . 

690 

680  • 

673 

749 

Thermal  stability  (tenperature  range) 
for  sample  plates  10  x  10  *  2  cm,  °C 

220—20 

260—20 

240—20 

260—20 

Vblume  resistivity  at  20  °C, 

9-1 0'1* 

‘  4-10” 

3-10” 

1.5-10” 

Surfaoe  rssistivity,  ohm i 
a)  at  65JS  huaidity  ........... 

7.5- 10” 

1.2-10” 

1,5-10“ 

1,1-10” 

b)  at  95#  humidity  . 

3- 10” 

8,2-10“ 

.1,6-10” 

7-10“ 

Specific  inductive  capacitance . 

7,73  • 

11.9 

7,55. 

8.3 

Dielectric  loss-angle  tangent  at  20°C 

0.0026 

0,0-168 

0.0029 

0.012 

Electrical  strength,  kr/M  .  . 

>30  . 

>30 

>30 

>30 

The  technological  characteristics  of  these  glasses  are  as  follows: 
Melting  temperature  (in  a  laboratory  kiln)  —  1,380-1, 420°C; 

Working  temperature  —  1, 500-1, 320°C; 

Maximum  annealing  temperature  —  650-700°Cj. 
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Temperature  at  start  of  softening  —  745-780°C. 

Glasses  1 9/II  and  19/III  have  the  greatest  crystallization  cap-, 
ability  while  glasses  19/IV  and  19/IX  crystallize  just  like  normal 
industrial  glass,.  o  V.'  • 


;  CONCLOSIONS  V' 

.  *  i 

1.  As  a  result  of  the  work  carried  out,  glasses  were  obtained 
that  were  suitable  with  respect  to  a  complex  of  properties  for  the 
manufacture  of  high-voltage  insulators.  Abundant,  and  inexpensive 
materials  serve  as  the  raw  material  for  these  glasses. 

2.  The  final  refinement  of  all  characteristics  and  final  working 
out  of  re commendable  compositions  of  the  glasses  must  be  carried  out 
during  the  manufacturing  of  test  batches  of  high-voltage  Insulators 
under  industrial  conditions  on  machinery  of  factory  size. 
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